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SPECIFICATION 98027 P 

Process for the Decontamination of Microlithographic 
Projection Exposure Devices 

The invention relates to a process for the decontamination of microlitho- 
graphic projection exposure devices having optical elements, or of portions 
thereof, and in particular of the surfaces of optical elements, with UV light and 
fluid. The invention also relates to a microlithographic projection exposure device 
with a DUV (deep ultraviolet) excimer laser as the light source of the projection 
exposure. The wavelength region, about 100-300 nm, is thus included in the 
vacuum UV. 

Impurities of substrates, e.g., quartz and calcium fluoride, on the surface 
become extremely noticeable due to absorption during the operation of micro- 
lithographic projection exposure devices in the deep ultraviolet region (193 nm). 
This can cause absorption losses of up to 5% per optical element. Such absorption 
losses are not acceptable, particularly for semiconductor objectives. Furthermore, 
quartz rods or CaF 2 rods are arranged in illumination devices for semiconductor 
objectives, to provide thorough mixing of the radiation emitted from the light 
source. Thorough mixing is attained by multiple total reflection of the light 
introduced into the glass rod or CaF 2 rod. If the surface of the quartz rod or CaF 2 
rod is contaminated, absorption losses also occur there during the total reflection 
and lead to a weakening of the resulting illumination intensity. It is known from 
U.S. Patent 4,028,135 to clean contaminated quartz resonators and wafers with 
DUV light and a gas stream, particularly ozone. The light source used for the 
decontamination is arranged together with the surface to be cleaned in an 
aluminum box, the surface of which is a good reflector for UV light. 

A process is described in U.S. Patent 5,024,968 for the cleaning of optical 
components, particularly for X-ray lithography and UV excimer laser optics, the 
energy source for this purpose being a highly energetic radiation with a laser in 
combination with a flushing gas which is inert with respect to the surface. The 
cleaning is provided in this case for optical lenses and mirrors as individual 
components, such are dealt with during production. 

However, the decontamination of microlithographic projection exposure 
devices in later operation remains a problem. Cleaning is only insufficiently 
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attained with the DUV illumination used for exposure. Furthermore, cleaning 
with a UV source has heretofore been considered to be a problem, since the danger 
was seen of damage to coatings and materials. 

The present invention therefore has as its object a process for the decon- 
tamination of microlithographic projection exposure devices of the kind initially 
mentioned, with which process the whole device can be decontaminated in 
operation or in intervals between operation, and indeed without the danger of 
damage to coatings or materials 

This object is attained according to the invention by the process given in 
claim 1. A microlithographic projection exposure device is specified in claim and 
19 with which the object can be constructionally attained. 

Decontamination of microlithographic projection exposure devices can be 
carried out in a simple manner by means of the use, according to the invention, of 
a second UV light source. The additional UV light source can namely be matched 
optimally to the requirements of decontamination without the danger of damage, 
since it is independent of the normal illumination. The second light source can 
then also contain the laser, or parts thereof, serving for the exposure. 

In a very advantageous embodiment of the invention, it can, for example, be 
embodied with a relatively wide bandwidth and, for example, can also be operated 
with a relatively higher power than is the case for a normal exposure. The greater 
bandwidth improves the cleaning effect, since additional narrow-band transitions 
are excited: for example, nitrogen excitations in the Schumann-Runge band. 
Furthermore, the wavelength can be chosen so that problems of materials 
destruction, such as compaction for example, can be rmnirnized. The wavelength 
is as a rule in the neighborhood of the exposure wavelength. 

Projection exposure devices have a light guide in the form of a rod for 
homogenizing the light emitted from the light source; the radiation emitted from 
the light source is coupled into it, and multiple total reflections, giving a 
homogenization of the introduced radiation, take place at the surface of the light 
guide. In order to avoid absorption losses consequent on the contamination of the 
light guide, a UV light source is provided for irradiating it. It is possible to use a 
low power UV light source for a high resultant irradiation intensity at the surface 
of the light guide, by means of arranging the light guide to be irradiated within an 
ellipsoidal reflector together with the UV light source. 
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It is provided in an advantageous embodiment that the UV light source is 
arranged in a focus of the ellipsoidal reflector, and the radiation emitted from the 
UV light source is focused onto the other focus, at which the light guide is 
arranged. 

Advantageous embodiments and developments of the invention will become 
apparent from the dependent claims and from the embodiment example which is 
hereinafter described in principle with the aid of the drawing. 

The invention is described in detail hereinafter with the aid of an embodi- 
ment example. 

Fig. 1 shows a projection exposure device; 

Fig. 2 shows a section through an exposure device. 

Since a microlithographic projection exposure device is known in general, 
only three lenses as optical elements thereof are described hereinafter, in 
connection with the drawing, in order to illustrate the process and apparatus for 
decontamination. 

Several lenses 2 are arranged in a housing 1 . For normal operation, the 
device is provided with a DUV excimer laser 3 as the light source of the projection 
exposure device. Furthermore, in normal operation a flushing gas supply is 
provided in the form of a laminar flow at the boundary; a gas supply device 4 
serves for this purpose, 

A further UV light source with a wide-band laser 5 is provided in addition 
to the laser 3. The wide-band laser 5 serves as the cleaning light source, and is 
coupled into the beam path by means of a mirror 6 which can be pivoted in and 
which is provided with a positioning mechanism, so that the lenses 2 are 
illuminated as uniformly as possible. Instead of coupling-in the laser 5 with the 
pivotable mirror 6, a partially transmissive mirror (polarizing beamsplitter, 
dichroic mirror) can also be provided for this purpose. The arrangement can also 
be provided of several light sources between the lenses of the objective, for the 
illumination of the surfaces to be decontaminated 

In order to remove the released contamination components, such as for 
example C, CH X , from the closed optical system, a gas flow (12), e.g., ozone- 
containing gas, is produced parallel to the individual surfaces of the lenses 2 or 
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along the lenses 2. Since such a flow would disturb the normal operation of the 
objective, it must be possible to turn it on and off, the minimal, diffusion-based 
gas exchange nevertheless taking place in normal operation by means of the gas 
supply device 4. For this gas supply, a flushing gas supply device 7 is provided 
from which the supply of flushing gas takes place from ducts 8 and radial flushing 
openings into the housing 1, at least approximately perpendicularly to the optical 
axis 10. The discharge of flushing gas together with contamination constituents 
takes place in the same manner through ducts 9 in the peripheral wall of the 
housing 1 on the side opposite to the flushing openings. A uniformly directed 
flow (12) over the lens surfaces is attained by means of the radial flushing 
openings. 

Alternatively, the gas supply device 4 for normal operation can also be used 
for contarnination flushing. For this purpose, the gas flowing parallel to the 
optical axis 10 can be conducted in a targeted manner over the lens surfaces, for 
example, by the pivoting-in of mechanical vanes 1 1 (shown dashed). The output 
of the gas supply device 4 is if necessary to be increased for this purpose, to 
increase the flow speed. 

Another possibility for using the flushing gas supply in normal operation for 
contamination flushing can also consist of producing cross-flows by means of 
inhomogeneous magnetic or electric fields. An alternating use of flushing gases 
having different densities is likewise possible. 

When the gas supply device 4 for normal operation is used, the gas flow is 
increased so that the laminar flow becomes turbulent. In this case, changes of the 
objective geometry (mounting) may be required in order to produce vortex flow. 

The laser provided for decontamination is to be a DUV excimer laser which 
can operate with a bandwidth of 500 pm. The use is also possible of a UV 
excimer lamp, for example with 222 nm wavelength. The exposure laser without 
injection locking can also be used, e.g., as the cleaning laser. On the wafer side, a 
closure can prevent exit of light in pauses between exposures. 

A light guide 25 is shown in section in Fig. 2 following the DUV excimer 
laser 3 as the light source of the projection exposure device, for homogenizing the 
radiation emitted by the light source. A quartz rod is provided as the light guide 
25, and is arranged at a focus 3 1 of an ellipsoidal reflector 21 which surrounds it. 
A CaF 2 rod can also be used as the light guide. A UV light source 23 for 
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irradiating the surface 27 of the light guide 25 is arranged at the further focus 29 
of the reflector 21, its radiation being focused on the surface 27 of the light guide. 
It can be provided that the reflector has fluid flowing through it. 
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